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 5HVXOWVDQGGLVFXVVLRQ
7RRSWLSWHPSHUDWXUHDQDO\VLV
/LWHUDWXUHUHYHDOV HJ&KU\VVRORXULV HWDO 7KDPL]KPDQLLHWDO 6XQHWDO 1LOUXGUDHWDO 
5DYL HW DO  LQJHQHUDOPDFKLQLQJPHWKRGVPRUH WKDQRI WKH KHDW JHQHUDWHG DW WKH WRROZRUN LQWHUIDFH
FDUULHGDZD\E\ WKHFKLSV 7KDPL]KPDQLLHWDO :KHUHDV LQ7(0SURFHVV VXSSOHPHQW RI ORFDOKHDWRQ WKH
VXUIDFHRIWKHZRUNSLHFHIXUWKHULQFUHDVHVWKHFKLSWHPSHUDWXUH:KHQKRWFKLSVIORZV RQWKHUDNHIDFHRIWKHWRRO
PD[LPXPKHDW LV WUDQVIHUHG RQWR LWPD\ FKDQJH WKHSURSHUWLHV RI WKH WRROPDWHULDO /LX HW DO 6XUHVK HW DO
 7KLVHQFRXUDJHVWKHIRUPDWLRQIODQNDQGUDNHZHDUVRWKDWWRROOLIHGHFUHDVHVDQGUHTXLUHVRSWLPXPFXWWLQJ
SDUDPHWHUV LQPHWDOFXWWLQJSURFHVV /LXHW DO  ,WZDVREVHUYHG IURP WKHH[SHULPHQWV WKDWDW ORZHUFXWWLQJ
VSHHG FKLSV IRUPHGDUHRI  VKRUWHU LQ OHQJWK DURXQGPP DQG LWV VL]H LQFUHDVHV DV WKH FXWWLQJ VSHHG LQFUHDVHV
:KHQ WKH YROXPH RI WKH FKLSV LQFUHDVHV WKH DPRXQW RI KHDW FDUULHG DZD\ IURP WKH VKHDU ]RQH DOVR LQFUHDVHV
7KDPL]KPDQLLHWDO 6XUHVKHWDO
)LJD  LOOXVWUDWH WKH WRRO WLS WHPSHUDWXUHV GHFUHDVHV DV WKH FXWWLQJ VSHHG LQFUHDVHVZKHQ WKH GHSWK RI FXW DQG
IODPH WHPSHUDWXUH VHW DW PPDQGΣ& UHVSHFWLYHO\$WKLJKHU FXWWLQJ VSHHGV WKHKDUGQHVVRI WKHZRUNSLHFH
GHFUHDVHV DQG RIIHUV ORZ UHVLVWDQFH WR VKHDU WKH PHWDO VR WKH IULFWLRQDO FRHIILFLHQW YDOXH GHFUHDVHV DW WRROZRUN
LQWHUIDFH 6XUHVKHWDO  $PRQJWKHFKDUDFWHULVWLFFXUYHVSORWWHGLQ)LJ DPPUHYIHHGUDWHFXUYHKDVD
ORZHVW WRRO WHPSHUDWXUH FRPSDUHG WR I FXUYH 6LPLODUO\ LQ )LJ E IRU WKH VHW GHSWK RI FXW DQG VXUIDFH
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&XWWLQJIRUFHDQDO\VLV
/LNH WRRO WHPSHUDWXUH FXWWLQJ IRUFH LV DOVR D GRPLQDQW IDFWRU LQ KDUG WXUQLQJ SURFHVV $V GLVFXVVHG HDUOLHU
LQFUHDVHRI WRRO WHPSHUDWXUHJUHDWO\DIIHFWVRQ WRRO OLIH LQ WXUQHQFRXUDJHV WKH IRUPDWLRQRI IODQNDQGFUDWHUZHDU
DQG RIIHUVPRUH UHVLVWDQFH WR VKHDU WKHPHWDO /LX HW DO 7KDPL]KPDQLL HW DO  6XUHVK HW DO ,Q
DGGLWLRQ D IDXOW\ VHOHFWLRQ RI FXWWLQJ SDUDPHWHUV SURPRWHV WKH GHYHORSPHQW RI FXWWLQJ IRUFHV 7KH H[SHULPHQWDO
UHVXOWV UHYHDO WKDW FXWWLQJ IRUFH GHFUHDVHV DV WKH FXWWLQJ VSHHG LQFUHDVHV GXH WR VRIWHQLQJ RI WKH ZRUN PDWHULDO
6XUHVKHWDO5DYLHWDO  )LJ DLOOXVWUDWHV VLPLODU IRU D VHW RI VXUIDFHWHPSHUDWXUHDQGGHSWKRIFXW$W
KLJKHU FXWWLQJ VSHHGV WKH DPRXQW RI KHDW JHQHUDWHG DW WKH WRROZRUN LQWHUIDFH DORQJZLWK ORFDO KHDW LV HQRXJK WR
WUDQVIRUPKLJKKDUGHQHGSULPDU\FDUELGHVDORQJZLWKHXWHFWLFFDUELGHVLQDPDWUL[RIDXVWHQLWHLQWRIUHHVHFRQGDU\
FDUELGHV 0&ZKLFKDUHRIORZKDUGQHVVYDOXH =KLHWDO  7KXV ORZHUV WKH FXWWLQJIRUFHVGXHWRORFDOKHDW
DGGLWLRQ 2Q WKH RWKHU KDQG LQFUHDVH RI IHHG UDWH LQFUHDVHV WKH WRROZRUN FRQWDFW OHQJWK FDXVLQJ JURZWK RI WKH
YROXPHRIWKHGHIRUPHGVRIWPHWDODQG WKXV UHTXLUHVOHVVHUIRUFHVWRFXWWKHFKLS=KLHWDO  6XUHVKHWDO 
5DYLHWDO )LJ E
&RPSDULVRQRIWRROWLSWHPSHUDWXUH YV FXWWLQJIRUFHV
([SHULPHQWDWLRQ ZDV GRQH DW D & VXUIDFH WHPSHUDWXUH DQG FXWWLQJ SDUDPHWHUV ZHUH YDULHG IRU GLIIHUHQW
SURFHVVUHVSRQVHV )LJVDF GHSLFWV WKHFXWWLQJIRUFHDQGWRROWLSWHPSHUDWXUHDWGLIIHUHQWSURFHVVFRQWUROIDFWRUV,Q
DOOWKHFDVHVWKHFKDUDFWHULVWLFFXUYHRIFXWWLQJIRUFHIROORZVWKHWRROWHPSHUDWXUHFXUYHDQGERWKKDYHKLJKDWORZHU
FXWWLQJVSHHGVDQGORZHUHGDWKLJKHUFXWWLQJVSHHGV7KLVLQGLFDWHVWKHPHWDOUHFHLYHGDVXIILFLHQWDPRXQWRIKHDW
/RFDOKHDWDQGKHDWGHYHORSHGGXHWRIULFWLRQDW WRROZRUNLQWHUIDFHWRVRIWHQWKHPHWDO $UPLWDJHHWDO 





)LJE 5HODWLRQVKLS EHWZHHQ 7RRO WLS
WHPSHUDWXUHV 7S DQG IHHG UDWH PHDVXUHG DW
PP GHSWK RI FXW DQG Σ& VXUIDFH
WHPSHUDWXUH
)LJE 5HODWLRQVKLS EHWZHHQ FXWWLQJ IRUFH
)F DQG IHHGUDWHPHDVXUHGDWPPGHSWK
RIFXWDQGΣ&VXUIDFHWHPSHUDWXUH
)LJD 5HODWLRQVKLSEHWZHHQFXWWLQJIRUFH )F DQG
FXWWLQJ VSHHG PHDVXUHG DW PP GHSWK RI FXW
DQGΣ&VXUIDFH WHPSHUDWXUH
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&RPSDULVRQRIWRROWHPSHUDWXUHZLWKDQGZLWKRXWIODPHKHDW
)LJLOOXVWUDWHVWKHGLIIHUHQFHRIWRROWLSWHPSHUDWXUHV PHDVXUHG GXULQJPDFKLQLQJRI+&:&,ZLWKDQGZLWKRXW
WKHDLGRI ORFDOKHDW7RRO WLS WHPSHUDWXUHDSSHDUV WREH KLJKHU LQ WKH7(0SURFHVVGXH WR WKH ORFDOKHDW &
DGGHGWRWKHZRUNSLHFHLQIURQWRIWKHFXWWLQJWRRO :KHQWHPSHUDWXUHVDUHFRPSDUHGDWGLIIHUHQWFXWWLQJFRQGLWLRQV
LWKDVQRWH[FHHGHGRIWKHORFDOKHDW7KLVFRQILUPV WKDWLQ DQ\RIWKH PDFKLQLQJ PHWKRGV WKHODUJHDPRXQW RI
KHDW LVFDUULHGDZD\E\FKLSVDQGRQO\DSDUWLDODPRXQW WUDQVIHUUHG WR WKHZRUNSLHFH 7KDPL]KPDQLLHWDO 
+HQFHWKH VXSSOHPHQW RIORFDOKHDWLVQRWPXFKEXUGHQRQWRROOLIHLQ7(0RI+&:&,PHWDO
)LJ D 5HODWLRQVKLSEHWZHHQ 7S DQG )FDQG FXWWLQJVSHHG 6
PHDVXUHGDW PPGHSWKRIFXWDQGΣ&VXUIDFHWHPSHUDWXUH
)LJ E 5HODWLRQVKLS EHWZHHQ 7S DQG )F DQG FXWWLQJ
VSHHG 6 PHDVXUHG DW PP GHSWK RI FXW DQG Σ&
VXUIDFHWHPSHUDWXUH
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